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ABSTRACT. A general method is giveil for the calculation of dipole moments of 
I, 2, 4 tri-siibstituled benzenes taking into 'account the iiulitced effects, sim ilar to the 
treatm ent of Smallwood and ricr/feld for the di-substitiiled cr)mponnds. The calculated 
values are given for five compounds for Hfhich the observed values are available and a 
comparison is made between the cah ulated agd observed values.
I NXROD^ r CT I ON
The dipole moments of poly-substituted benzenes calculated by the 
simple vectorial addition of llie individual group moments reveal wide 
divergences between the calculated and (lie observed values in a majority 
of casts. Such divergences may arise from several causes, such as, the 
electrostatic attractions and repulsions, the induced effects or the occurrence 
of mesomersm etc. In the case of the di-substituted benzenes the induced 
effects are computed by Smallwood and Hciv.fcld (1930) adopting the plane 
hexagonal model for the benzene ring in the substituted compounds. This 
has provided a valuable correction. I,cFevre and heFcvre (1936, 1937) 
applied the method for diphenyl, coumarin, and xanthonc ring
systems. Hach atom or group is regarded as a sphere of uniform polaris-
ability and the induced moments are calculated by assuming that this sphere 
is subjected to a field which is that produced at the centre of the sphere by 
the primary dipole. Smyth and McAlpinc (1933) calculated the induction 
in each bond and obtained the bond poiarisabilities in terms of the bond 
refractions. Groves and Sugden (1937) pointed out that when the atom 
or group is very near the primary dipole, allowance must be made for the 
variation of the field over the volume of the atom and this is done by 
means of the method of graphical integration suggested by Frank (1935).
THEORY
In this paper the method of calculation of Smallwood and Herzfeld is 
extended to the case of 1,2,4 tri-substiluted benzenes. The resultant
moment of a tri-substituted benzene compound is regarded as comprising
of (i) the vector sum of the moments of primary dipoles, (2) the mutual
induction of the three pi imary dipoles on one another and (3) the moments
induced in the-C H  a n d -C -C  bonds of the hydrocarbon residue by the 
primary dipoles.
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Figure I represents the case of a i, 2, 4 substituted compound. The 
appropriate angles and distances may be understood from figure 2. The
I
I
I
notation used is the same as that of Smallwood and Herzfeld. 2^1 Ss 
represent the x-components and r/i, 1/3 the 3>-components of moi, 
and W03 respectively. Using their equations and referring to figure 2, the 
interaction of the three dipoles on one another gives the following relations,
(hi/4)^ i* + $3^  -  (5/4)62^ 3' -  (3 v'3/4)^iVi‘ + (3 V'3 /4)ba«;s’ = [
21-3^ 1* + (s/4)c2C2‘ -t- i‘ -^ 3 V^3/4)c2»y3’= -^3 
-  (3 N^3/4 )ai$2^ +Vi’ - ( 5/4)ai»;2* + «3»;2’=»Ji 
(3 V3/4)*»)^ i* -  (3 V3/4)i>2£s* + (5/4)*>iVi' -»/2* “ (b2/4)'/3*= “ >?2 
(3 v' 3/4)<'3C3* + «3»/i‘ + (c2/4)»?a* + »J3* = 1/3
(i)
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w h e r e
*2/^ 1 ^2/^ a
2^3/^i ~^ii r2^ -“ Co, ^.i/ra'^^Cs.
a i ,  a j  an d  7.3 r e p r c ic n l  the po la r isab il i l ics  of the tlirce substituent gro u p s.
T h e  fields of the induced m oin cn ls  are also considered in th e  a bo v e  
e q u a tio n s  sin ce  w e h ave  w ritten  =  ^ a n d  »;' =  // + r/,*. T h u s  as a resu lt  
o f  d ip o la r  inducU on  each  ^ is modified to a ce ita in  and each v is modified 
to  a certain  In order to obtain the n u in eiical  va lues  for and »/'the
s ix  e q u a t io n s  ( i)  are solved by tlifc ineiiiod of post-m ultiplication  g i v i n g  
th e  v a lu e s  for the  s ix  variables.
T h e  in d u ced  m om en ts in the r e g a i n i n g - C H  group s at 3, 5 and 6 are 
c a lc u la te d  a lo n g  sim ilar  lines. Tl|^ va lues  of the an g les  (r) and d istances 
(f) are  g iv e n  in T a b l e  I* T h e  data j^iveii in 1 abie I ate f io iu  S m allw o o d  and 
l l e i z f e l d ,  p a g e  19 2 1. ^
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The total induced iiionient in this case is obtained as 
^  *  1.3520 Ci‘ +0.2150 U  -0.7095 >h ' + 1.3520^',
Si;i= -  o .2952»/i' -  0,7098^2'+ o .9399»// -  0.2052V;,' 
Combining eqns. (a) and (3) the result is
liftV+ £<)=“ 1.3652^1“+0.074561/,'+0.3171^2’ -o .7 i9 r’;a’ 1
+ i-3320C»‘ + o.oi432 i/a‘ I
v » ')= -0.074564*,'- 0 .2290V ,'-0 .7 1 9 1 I2 '+  o.9 i 35 '/a' I 
+ 0.01432^3’ -0.1546V;,' )
Finally the resultant moment M of the molecule is given as
A/= +
where
(5)
(4)
(5)
M ^ =  2 3<i52^ i '  +  1 .07456V1’ +  i . 3t 7i^.j' +  0.28091/3' +  2.3326£.,' +  i.fH432V:,' 
M* =  o .9254£i ' +  0 .7710V1' + 0 .2 809 82’ +  i .9I35'/2' +  1 .0 14 3 8 3 ' + 0.8454V3*.
R r-; S + 1, T -S
T l i c  final re s u l t s  for the  f ive  co n ip o u iu lh  c o n s id e r e d ,  t o g e t h e r  w i t h  th e  
ob serve d  v a lu e s  of  H a s s c l  and N a e s lm g e i i  (19 3 1)  niicl L u t g e r t  ( 1 Q 3 2 )  a rc  
t a b u la te d  in T a b l e  I I I .
T\nin  lU
( ' o i i i p f u i i ' d M s . a 3 /.,, ( s ' 1 ” }}i r \ . ' l in e  .'i*'?iiniu*d
1 , It i c h l o r o h e n z c n c 1 .6^ 1 . 2 4 I . 10 I ^5 w , -  1 6 \
2 ,  4 d i u i t r o c h l o r o b e i i / c n e 3 - 2 6 3 - n 3 -U j 3 . 0  +  .1 
3 . 2 9
111 =  1 .^4 
^ ' ^ 2 ^ 3 -7 5
2, 4 d i i j i t r t j b r o n i y b c D Z c i i c 3 3 -7 *-’ . K S 1 3 l i  1 1 =  1 . 5 6  
» ^ ‘/ = - 3  73
2 ,  4 d i n i t r o i o d o b e n / c m ' 5 - 3 1 4 2 i) . M M U h l
' ^ ^ 2 - 3  75
2, 5 d K b l o r ( i n i t r o b c n / o i i c 3 73 3  3 1 3  13 III, i '~ I .^1
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The values under the column (i\/>cci) are obtained by the simple vectorial 
addition. The second column gives the values calculated using Kqii (5). It 
is very difficult to judge which value of nic (the moment of the inono-sub- 
stituted compound) is to be used in the calculation since, for the same mono- 
substituted compound various values have been reported in the literature. 
For uniformity the values of Hojeudalil (1929) are assumed throughout. In 
the case of the iodo-compound, since his value is not available the value of 
Walden and -Werner (1929) 1^  used. It i< unfortunate that there are no 
values available for the tri-substituled compounds by the same authors whose 
values are assumed for m>. Thus, in view of the fact that the experimental 
values for the mono-and the tn-substituted compounds are determined by
different authors and since the values are liable to vary, the calculated and 
observed values may not be expected to agree closely. From Table III we 
note that a closer approximation to the observed values is obtained by using 
hjQU (5I than in the case of Mvoct for three of the compounds studied (i, 2, 4 
trichlorobenzene, 2, 4 dinitrochlorobenzcue and 2, 5 dichloronitrobeuzeneb 
Ulie polarisabilities of the groups increase as we go from chloro to bronio- 
to the iodo-coinpound and hence th^ induced effects also increase in the 
same direction. As we sec from the table, the deviation between the cal­
culated and the observed values also increases in the same direction.
In the above calculations, a correction for the dielectric constant of 
the internuclear space is also coi^idered. LeFevre and I,eFevrc (1937) 
pointed out that the calculated induced moment must be reduced by the factor 
(^  + 2)/3£ (s being the dielectric conistant of the internuclear space) in order 
to obtain the actual induced moment.; The value of e is obtained as 2.40 
from measurements of the variation of the dielectric constant of benzene 
with pressure. Groves and Sugden also remarked that little error will be 
introduced by assuming £ = 2.40 in llie case of aromatic compounds. The 
reduction factor till us out to be 4.417.2- The values obtained when this 
correction is applied are given under the column headed M' in Table III. 
The difference between (5) and A/no i gives the induced moment. This 
difference multiplied by the factor 4.4/7.2 gives the actual induced moment. 
This is added algebraically to /^veot to give the value under By this
process, the agreement with the observed value is improved for all the 
compounds studied except i, 2, i triclilorobenzene where tlie induced con­
tribution to the moiiient is considerably large.
The assumptions in the above method and other errors will have to be 
clearly stated, (i) The assumption that the dipoles are situated at the 
circumference of the carbon atoms io which the gioups are attached, is an 
approximation. vSniyth (1934) remarks that a consideration of the location 
of the centre of gravity of the charges assignable to the caiboii halogen 
portion of the molecule in the halogeiiated compounds indicates the most 
probable location of the principal dijiole to be approximately 7/8 of the 
distance from the carbon nucleus to the halogen nucleus. But the first 
assumption is adopted, as otherwise the calculations become extremely 
complicated. (2) The distances between the various groups enter in the 
third power in the equations used for computing the induced moment, 
Hence a small error in the distance may cause a relatively large error in 
the final value of the moment. (3) The method has not taken into account 
the variation of the field of the dipole over the volume of the atom or group 
in which the moment is induced, since the distances under consideration 
are all greater than i A.U. The equation, assuming proportionality between 
the induced moment and the field of the primary dipole breaksdown
at close distances. (4) Rotation round the bonds may dilso affect the
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of the particle (2nr) and the wavelength of light (Aj. There are marked 
changes in the intensity distribution of scattered light even for small 
changes in either the radius of the particle, the refractive index of the 
particle or the wave length of light used. It is possible to obtain the 
theoretical curves for the angular distribution of the intensity of scattered 
light by particles of different size parameters a and of different refractive 
indices, A comparison of tlic experimental cuivcs of the intensity distribution 
of scattered light with the theoretical curves gives an estimate of the size 
of the particles.
D I S S Y M M K T R Y O F  S C  A T T R K D b I G H T
The second method is based on the dissynimetry of scattered light in 
the forward and the backward directions. Debye (1946) has worked out 
the theory of this method for particles of small refractive index. The 
details of theory and the experimental technique are described by Oster 
(1948), Mark (i947)» and Zimm, Stein and Doty (1945). The Debye theory 
is not directly applicable to particles of large refractive indices. A study 
of the Mie scattering functions for particles of different sizes and of different 
refractive indices indicates, however, a possibility of the application of the 
dissymmetry method to particles of laigc refactive indices upto a certain 
limit of the sizes of the particles. A theoretical evaluation of the dissym­
metry of the intensity of scattered light for particles of refractive index as 
large as 2, indicates that the dissymmetry, i.e., the ratio of tlve intensities 
of scattered light about two symmetrical angles in the forward and the 
backward directions, goes on systerntically increasing with the radius of 
the particles upto a certain size palaineter a( = 2;r7/A, r being the radius of 
the particles and A being the wavelength of light used). Beyond this value 
of a, the dissymmetry ratio begins to fluctuate with increasing a and has 
a number of maxima and minima. It is, therefore, possible to compare 
the experimental and theoretical dissymmetry values, and to estimate 
the size of the particles, provided the value of a hes below the given limit.
S C O P E  O F  T II E P R  E >S K N X  I N  V E vS 1' T O A T T O N
The present investigation was, therefore, iindei taken to determine 
the sizes of colloidal particles by using the above two mutually independent 
methods based on the scattering of light and also to see how far the two 
methods are in agreement with each other. Two soi$, viz. FcsOg and AS2S3 
of refractive indices 2.40 and 2.67 respectively, are selected for this purpose. 
Their relative refractive indices with respect to water are i.8 and 2 
approximately. These sols were prepared according to the methods described 
by Trivedi and Pattani (1952). Double-distilled water and pyrex vessels 
were used in all stages of the experiment.
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M K T  H O D B A wS K D O N  T  H K A N G U L A R  D I S T  R I l UT T  T O N 
o v  s c a t t e r e d  L  I G H T
B y  u s i n g  th e  d a ta  fr o m  I^owan's  T a b l e s  (x94q), t w o  sets  o f  th e o re t ic a l  
c u r v e s  fo r  t h e  in t e n s i ty  d is tr ib u t io n  o f  scattered  l i g h t  b y  p a r t ic le s  o f  
r e f r a c t i v e  in d ic e s  i , 8  a n d  2, and of d ifferent size p a r a m e t e r s  a (ot <  2) w e r e  
o b t a in e d .  T h e  v a lu e s  of  the  s c a t te r in g  f u n c t io n s  for  r e f r a c t i v e  i n d e x  2 
are  d i r e c t l y  a v a i la b le  fro m  th e  ta b le s ,  t^it for  r e fra c t iv e  i n d e x  i . S ,  in t e r p o la ­
t io n  w a s  u se d  for  o b ta in in g  th e se  v a l u ^ .  I t  w a s  fo u n d  th a t  as the v a l u e s  
o f  t h e  s c a t t e r in g  fu n c t io n s  increase  u i i i f o r m l y  wdth  ^ u p to  a v a lu e  6 fo r  
a ll  r e f r a c t i v e  in d ic e s  of  the  p a rt ic le s ,  th is  m eth o d  of in t e r p o la t io n  w o u ld  
be a p p l i c a b le  in th e  p rese n t  case aj&d w o u ld  not in v o lv e  m u c h  erro r. 
B e y o n d  a =  6 , th e  sc a t te r in g  fu n c t io n s  fk ic t u a te  r a p id ly  w ith  a la r g e  n u m b e r  
o f  m a x i m a  a n d  m in im a  a n d  h en ce  i n t e r p o la t io n  w o u ld  n o t  be po ssib le .  
W h i l e  p l o t t i n g  th e s e  c u r v e s ,  th e  v f l u e s  of  th e  in t e n s i ty  f u n c t io n s  w e r e  
n o r m a l iz e d  b y  t a k i n g  th e  in t e n s i ty  o f  scattered  l i g h t  in a tr a n s v e rs e  
d ir e c t io n  (i.e . 90'") as u n i t y  for  a g i v e n  c u rv e .  T h e s e  c u r v e s  are s h o w n  
b y  d o tte d  l in e s  in f ig u r e s  2 and 3 fo r  FcaOa and AsovSa r e s p e c t iv e ly .  T h e  
 ^ v a lu e  fo r  e a c h  c u r v e  is in d ic a t e d  in the d i a g r a m s .  In these c u r v e s ,  
t h e  d ir e c t io n  of in c id e n c e  l i .e .  fo r w a r d  d ire c t io n )  is ta k e n  as zero  d e g r e e .  
Experimental,
Tn o rd e r  to  i n v e s t ig a t e  the  a n g u la r  d is tr ib u t io n  o f  scattered  l ig h t  b y  
th e  p a r t ic le s  o f  th e  sol, a p h o to -c e l l  w a s  m o u n ted  on the te lescope arm  o f  
a sp e c tro m e te r .  A  n io n o ch ro in a tic  beam  of l i g h t  fro m  a s tr o n g  so u rce  
w a s  m a d e  to  be in c id e n t  t h r o u g h  tlie c o l l im a to r  tu b e  on a c irc u la r  
t r o u g h  c o n t a i n i n g  th e  co l lo id a l  SDlulion. A s  th e  bea m  c o n v e r g e d  a l it t le  
on e n t e r i n g  th e  t r o u g h ,  th e  in c id e n t  beam  w a s  fo c u s e d  b y  a le n s  on a  
s m a l l  a p e r t u r e  in th e  c o l l im a t in g  tu b e  and a s l ig h t ly  d iv e r g e n t  b ea m  of l ig h t  
f r o m  t h is  a p e r tu r e  en tered  th e  t r o u g h  in su ch  a w a y  th a t  th e  c o n v e r g e n c e  d u e  
to  th e  t r o u g h  m a d e  th e  b ea m  p a r a l le l  on  e n t e r i n g  the t r o u g h .  I h e  e x p e r i-  
m e i i la l  a r r a n g e m e n t  is s h o w n  in f ig u re  i .  T w o  s u ita b le  sta n d a rd ise d
F io  I. Ksperlniental atratigcment 
K _ Sou rce  of light. L „  -co llim ato rs. C -w a te r  cell. Slter
,S„ S , -  slits, R -rn b b c r  guard ring, L j-co n v erg in g  la is . P -p h o to ce ll
Kodak filters, having narrow transinisssion bands in the regbn of 5000 A.U 
and 6550 A.U., were selected for getting monochromatic beam of light.
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spherical size. Still however, the layout of the experimental curves does 
indicate a similarity with one or two adjoining theoretical curves. The 
values of the radii of the particles of the two sols are given in Table I.
T a b l e  I
Radius of particles from angular scattering of light
Refractivcs index Wavelength in A.U. Radius in Mean radius in m
1.8
655^
5000
0.5
0.6
O.U39
0.037
As.; S3 655^'^
5000
0.65
0.70
o 0.13 
0.0.')!
0.042
M i r r i l O l )  15 A S K I )  O N  J)1  S S  Y M  M K T R  Y  O V  
S C A T T E R E D  D I () II T
The theoretical values of the dissymmetry of scattered light for particles 
of dificrent sizes and of relative refractive indices 1.8 and 2 were obtained 
by taking the ratio of the iutensiiy functions /^ r. and /jar, of scattered light 
at angles of 45° and 135' respectively (incident direction being taken as 
zero degree). These dissymmetry ratios are obtained from the data 
available ill Lovvan’s tables of light scattering functions. These values of 
dissymmetry are shown graphically in figures 4 and 5 for two sols of refractive 
index 1.8 and 2 respectively. The dissymmetry ratio is expressed
by the symbol Z.
4
bu;.. Theoretical variation of dissvminetrv 
for r
1.8)
with a f  be-jOj i fraftive index
F u i  5 Theoretical variation of di« 
^sytnmet:y with a for A ‘‘2S (refrative 
index =2)
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The curves show that the dissyinniitry function increases systenulicaily 
with a upto a certain value, beyond which it begins to os.'illate and gives 
rise to a number of maxima and minima. It can be seen that so long as 
the dissymmetry ratio lies below a value 3 for paricics of refractive index 
1.8, there is only one value of a for a given value of the dissymmetry ratio. 
Similarly so long as the dissymmetry ratio lies below a value 1.82 for i>articles 
of refractive index 2 ,  there is only one value of corresponding to a given 
value of the dissymmetry ratio.
If, therefore, the experimental ■ dissymmetry values lie below 3 for 
Fe*Os sol of relative refractive index 1.8, and below 1.82 for As^Sa sol of 
relative refractive index 2, it \Wuld be possible to estimate the size 
parameter a and hence the radius 4f the particles from an experimental 
determination of the dissymmetry ratios for the two sols. By using two 
wavelengths of light for the dissymmetry measurements, it becomes 
possible to obtain two independent « yalues for the same sol by this method. 
A mean value of the radius of the particles can then be obtained from 
these a values.
]'jX[>o r i i n c n i a l .
T h e  e x p e r i m e n t a l  p r o c e d u r e  consists ill measuring the in te s i ty  /ir, a n d  
/n„ of scattered light of a g i v e n  wavelength along 45 auJ i 3 5 ” angles
O ito/* S O O O A - U .  A n d  0 f O r  6550  A M *
Fic. 6. Graph showing the variations of dissyiuraelry with concentration. 
B. For AsjS, sol. d . Fot FejOs sol.
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respectively. The same photoelectric photometer was used for this purpose. 
As the dissymmetry fuuctioii is foinul to be dci)cndeat on the concentration 
to sotnc extent, it is necessary to deiive the value of tlie dissymmetry ratio 
at infinite dilutions for each wavelength of light used. The dissyinetry 
ratio was, therefore, determined for five dilTerent concentrations of
a given sol for each wavelength cf light used. The dissymmetry ratio at 
infinite dilution, which is also known as the intrinsic dissymmetry is 
determined by extrapolation of the curve of dissymmetry ratio versus 
concentration in each case. These curves are given in figures 6.4 and 6B 
for and AsaSa lespectively. By using the values of the intrinsic
dissymmetry, the values of a corresi)oudiiig to each wavelength of light 
used was obtained from the theoretical dissymmetry ratio curves for the sol 
concerned. The radius of tlic particles r, can be calculated from the
relation ^  , where A' is the wavelength of light in water. The results
of these measurement are summarised in Table II. Again, in order to 
compare the values of the radii determined by the two optical methods, 
both the sets of results are summarised in Table Hi.
Taulk II
Radius of particles from dissymmetry
Sul
K d ative  refiac­
tive index
1
i .  " "1  ill A .r .
ICxpciiiiuntal 
dissyiiiiijcli \ !  “
I
Radius 
in M
Mean radius 
in /u
f ’ S S O 1.62 0 6 6 ! 1 0.052
F c a O i 1.8 0.048
5000 1.77 f . 7.1 ! n , 0 4 4
6550 1 . ; < S 0.72 0 056
AsiSa 2.0 0 052
Ji 5000 2<>.2 0.80 0.048
Sol
Tai)i,e h i
Comparison of radii of particles from two optical methods
Radius of particles in /x
1
Angular scattering method |
“ ~ 1
Di.ssymnietry method Mean
0.037 ! 0 048 0.0.42
0.042 i 0.052 0 047
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The a b o v e  r e s u lts  in d icate  th a t  the  v a lu e s  o f  the  radii  d e te rm in e d  b y  the 
d i s s y m m e t r y  m e t h o d  are  s l iR h tly  h ig h e r  th a n  those d e te r m in e d  b y  th e  
a n g u l a r  s c a t t e r i n g  m e th o d .  It  is, h o v e v e r ,  l ik e ly  th a t  th e  d i s s y m m e t r y  
m e t h o d  s h o u ld  be m o re  re liab le  th a n  the a n g u la r  s c a t t e r in g  m e t h o d ,  b e c a u s e  
it  i n v o l v e s  in t e n s i t y  n ie as u re in en ts  at t w o  sp ecif ic  a n g le s  a n d  t h e y  can  be 
d o n e  m o re  a c c u r a t e ly  a n d  q u i c k l y  th a n  a n u m b e r  of  a n g u la r  in t e n s i t y  
m e a s u r e m e n ts .  I f ,  th e re fo re ,  in tr in s ic :d is s y in in e lr y  is d e te rm in e d  a c c u r a t e l y  
fo r  a n y  so l,  it w o u l d  g i v e  a r e l ia b le  meiasurc of the s ize  o f  th e  p a r t ic le s  o f  
a sol if   ^ i s s i i r i l l e r  Linn a g i v e n  v a h i i  for  ea ch  sol. It  w il l  be n e c e s s a ry  
to  c o n s t r u c t  a th e o r e t ic a l  d is s y m m e t r y  t u r v e  in each  c a s e .
As it is likely that the refractive ijadex of the particles in the sol may 
not be exactly the same as that of the bulk material, dissymmetry values for 
different refractive indices varying |rom T.33 to 2.0  were obtained from 
Lovvan’s Tables. It was, Ijowever, ^found that all the clissymetry curves 
do not differ appreciably from cac^ other upto a^^i.5. The maximum 
difference in the valnc'= of dissymmeti’y for a given does not exceed b y  
more than 15 pei cent for variation of the values of refractive index from 
1.33 to 2 .0 . Thus any small variation of the relative refractive index of 
the sol particles from the l)ulk material would not appeciably change the 
value of the radius of the particles determined by the present dissymmetiy 
method.
C  O  N  r  vS I O N S
T l i c  i)rescnt in v e s t ig a t io n  sh o w s  that it ’*s po ssib le  to est im ate  the size  
o f  th e  p a r t ic le s  b y  t u o  in d e p e n d e n t  m e th o d s  based on M ic  (190S) t h e o r y .  
T h e  d i s s y m m e t r y  m e th o d  due to D e b y e  ^ 0 0 )  can  a lso  be a p p lie d  to  sol 
p a r t ic le s ,  o f  l a i g e  re f  rati  ve  in d e x  b u t  vvliose size p a ram eter   ^ d o es  n o t  e x c e e d  a 
c e r ta in  v a lu e .  T h e  l ig h t  s c a t te r in g  m e t h o d s  are more re l iab le  th a n  m e t h o d s  
b a s e d  on  th e  tra n sm iss io n  o f  l i g h t  as the fo r m e r  is less l i k e ly  to be a ffec ted  b y  
in t r i n s i c  a b s o rp t io n  o f  l ig h t .
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